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We study the evolution of the colour-magnitude relation for galaxies in the VIMOS Public Extragalactic Redshift Survey (VIPERS) by introducing the concept of the bright edge, and use this to derive constraints on the quenching of star formation activity in galaxies over the redshift range 0.5 < z < 1.1. The bright-edge of the colour-magnitude diagram evolves with little dependence on galaxy colour, and therefore on the amount of star formation taking place in bright galaxies. We modelled this evolution with delayed exponential star formation histories (SFHs), to better understand the time-scale of the turn-off in star formation activity. We show that using SFHs without quenching, the transition from the blue cloud to the red sequence is too slow. This indicates that a scenario purely driven by the consumption of the gas inside each galaxy does not reproduce the observed evolution of the colour-magnitude bright edge. Among the quenching scenarios explored, the one that best matches the observations assumes that galaxies stop their star formation at a randomly selected time with a uniform distribution up to 2.5 Gyr. We argue that quenching is required over a wide range of stellar masses. Qualitatively similar evolution of the bright edge is found in the predictions of a semi-analytical galaxy formation model, but quantitatively there are marked differences with the observations. This illustrates the utility of the bright edge as a test of galaxy formation models. The evolution changes and no longer matches the observed trend if feedback from heating by active galactic nuclei is turned off.
INTRODUCTION
Over the past two decades galaxy evolution studies have provided us with fundamental insights into galaxy formation. The global star formation rate density in the Universe peaked at a redshift of z ∼ 2, and has then steadily declined, by an order of magnitude, to the present day (Madau et al. 1996; Lilly et al. 1996 ; see Madau & Dickinson 2014 for a comprehensive review). This decline is associated with the gradual transfer of star formation activity from more massive galaxies at high redshift to progressively less massive ones over cosmic time, an effect referred to as downsizing (Cowie et al. 1996; Gavazzi & Scodeggio 1996; Thomas et al. 2005; Treu et al. 2005; Juneau et al. 2005; Siudek et al. 2017) . This means that by today, smaller and smaller galaxies have experienced a star-forming phase and then moved into a passive stage. This results in a progressive extension of the passive galaxy population towards lower stellar masses (see for example De Lucia et al. 2007; Kodama et al. 2007; Rudnick et al. 2009 ), as star-forming "blue cloud" galaxies migrate to the quiescent, passively evolving "red sequence".
The observed bimodality in many photometric, spectroscopic, and morphological galaxy properties (see, for example, Strateva et al. 2001; Baldry et al. 2004; Balogh et al. 2004; Kauffmann et al. 2003; Krywult et al. 2017 ) has been put forwards as an indication that the transition between the red and blue populations might take place quite rapidly (see for example Faber et al. 2007) , and therefore implies the operation of a physical process capable of suppressing the star formation activity in a galaxy on a much shorter time-scale than that which would result from the uninterrupted gas consumption inside a galaxy. We refer to this physical process as quenching.
The origin of the star formation quenching remains controversial and may not be due to one process. One of the first mechanisms proposed to quench star formation in galaxies was ram pressure stripping (Gunn & Gott 1972) , but its effectiveness appears to be limited to clusters of galaxies, based on where we have been able to identify galaxies suffering ram pressure stripping (see for example Giovanelli & Haynes 1985) . This so-called "galaxy strangulation" quenching mechanism has received renewed attention as the possible primary driver for star formation quenching (Peng et al. 2015) . With the advent of galaxy formation simulations, a simple AGN feedback model was introduced to shut down gas cooling in massive halos, in order to match the bright end of the observed galaxy luminosity function (Benson et al. 2003; Croton et al. 2006; Bower et al. 2006; De Lucia et al. 2007) . Observationally the effectiveness of AGN feedback in shutting off star-formation has been studied in Vergani et al.
under programmes 182.A-0886 and partly 070.A-9007. Also based on observations obtained with MegaPrime/MegaCam, a joint project of CFHT and CEA/DAPNIA, at the Canada-France-Hawaii Telescope (CFHT), which is operated by the National Research Council (NRC) of Canada, the Institut National des Sciences de l'Univers of the Centre National de la Recherche Scientifique (CNRS) of France, and the University of Hawaii. This work is based in part on data products produced at TERAPIX and the Canadian Astronomy Data Centre as part of the Canada-France-Hawaii Telescope Legacy Survey, a collaborative project of NRC and CNRS. The VIPERS web site is http://www.vipers.inaf.it/.
† E-mail: giorgio.manzoni@durham.ac.uk (2018) using the NUVrK diagram for VIPERS galaxies with stellar masses greater than 5 × 10 10 M . However, the observational evidence for such feedback, in particular for the range of halo masses in which it is required to be effective in the models is still unclear (Bongiorno et al. 2016; Taylor & Kobayashi 2016) . Henriques et al. (2017) argued that the star formation quenching in their semi-analytical model produces predictions that agree qualitatively with observations, but is too effective in dense regions and predicts too much recent star formation in massive galaxies. A similar conclusion was reached by Bluck et al. (2016) on comparing galaxy formation models with Sloan survey observations.
From the observational point of view, even establishing that quenching is taking place inside previously star-forming galaxies is not trivial. The so-called E + A or post-starburst galaxies (Dressler & Gunn 1983 ) are certainly objects that experienced quenching in their recent past, but their rarity, while lending support to the hypothesis of a short time-scale transition from the blue cloud to the red sequence, makes the understanding of both their connection with the wider galaxy population, and of the details of the quenching process, complicated (see for example Kaviraj et al. 2007; Yesuf et al. 2014; Wild et al. 2016) . Similar uncertainties affect the study of the so-called "green-valley" galaxies (Wyder et al. 2007; Martin et al. 2007) , which have been considered either as a "normal" evolutionary stage common to all galaxies (Martin et al. 2007; Salim 2014) , or as "peculiar" objects representative of the evolution of a small fraction of the overall galaxy population (Smethurst et al. 2015) . Schawinski et al. (2014) claim instead that the green valley is just populated by normal star-forming galaxies at very high masses. A number of studies have attempted to model the properties of the overall galaxy population to derive constraints on the quenching of star formation (see for example Ciesla et al. 2016; Abramson et al. 2016; Lian et al. 2016; Bluck et al. 2016; Davies et al. 2019) . The main results are a confirmation of a short time-scale for the quenching (on the order of 200 to 500 Myrs, Ciesla et al. 2016) , and an estimate that quenching affects a relatively large fraction of galaxies, around 30 to 45% of the overall population (Lian et al. 2016 ). However, Abramson et al. (2016) argue that the very idea of quenching comes from the use of over-simplified canonical parametrizations of the star formation history (SFH) which in general are not able to reproduce both the tail of high star formation rate (SFR) at z ∼ 1 and the low SFRs seen today.
Here, we take 65 000 galaxies from the VIPERS galaxy redshift survey (Guzzo et al. 2014) to study the evolution of the colour-magnitude relation for the overall galaxy population. In particular, we use the evolution of the "bright edge" of the galaxy distribution in the rest-frame U − V colour vs. absolute V-band magnitude plane to derive illustrative constraints on the SFH quenching time-scale, and on the ability of this process to affect galaxies over a large range of stellar masses. The large number of galaxies in VIPERS allows us to develop a statistical understanding of quenching time-scales. In terms of a single galaxy, the quenching is implemented as the instantaneous truncation of star formation activity. Given the depth of VIPERS our study primarily focuses on bright galaxies, so we are unable to draw conclusions about quenching in faint galaxies (see e.g. Davies et al. 2019 for constraints on quenching in faint galaxies at somewhat lower redshifts than those considered here).
This paper is set out as follows: in Section 2 we describe the modelling and assumptions made to obtain galaxy properties from the VIPERS data; in Section 3 we explain how we model different SFH scenarios; in Section 4 we present the observed colour-magnitude relation and its evolution tracked using the bright edge concept; in Section 5 we show the results of our synthetic evolution compared to the observed sample to constrain quenching; in Section 6 we compare our findings with the evolution of the colour-magnitude relation predicted by the GALFORM semi-analytic models and, finally, in Section 7 we discuss our main results.
We use a flat Λ CDM cosmology with Ω m = 0.3, Ω Λ = 0.7 and H 0 = 70 km/s/Mpc, unless stated otherwise.
MODELLING OF GALAXY PROPERTIES
FROM THE DATA
The VIPERS data
The galaxy sample used here is based on the full data release of the VIPERS spectroscopic survey. VIPERS is a galaxy redshift survey carried out with the VIMOS spectrograph at the ESO Very Large Telescope (see Guzzo et al. 2014 for a full description of the survey), covering approximately 23.5 deg 2 of sky, and targeting a sample of galaxies brighter than i AB = 22.5, selected to be at redshift z > 0.5 on the basis of a simple, but rather effective, colour-colour selection criterion. The full VIPERS data release (Scodeggio et al. 2018 ) provides a spectroscopic catalogue with redshift measurements for 86, 775 galaxies, coupled with a parent photometric catalogue largely based on the VIPERS Multi-Lambda survey (Moutard et al. 2016) , providing photometric data that include the GALEX FUV and NUV bands, the CFHTLS data release T0007 u, g, r, i and z bands, and the WIRCAM or VIDEO infrared K s band (see Scodeggio et al. 2018 and Moutard et al. 2016 for details).
Here we use the subset of galaxies with a reliable redshift measurement (i.e. a measurement with a probability larger than 95% of being correct, corresponding to a reliability flag ≥ 2 in the VIPERS catalogue, see Scodeggio et al. 2018 for details), limited to the redshift range 0.5 < z < 1.1, giving a total of 64, 889 objects. This subset is fully representative of the galaxy population over this redshift range, thanks to two important properties of the VIPERS survey: the high sampling rate achieved by VIPERS, whereby on average 47% of the complete parent photometric sample has been observed, and the very high success rate for the redshift measurements, with on average 90% of the targeted objects having a redshift measurement (note that the spectroscopic success rate is only weakly dependent on galaxy properties, as shown by Fig. 7 of Scodeggio et al. 2018 ).
Galaxy properties and SED fitting
Here, we are interested in studying the observed evolution of the bright edge of the V-band rest frame absolute magnitude vs U − V rest frame colour. These quantities come from the Public Data Release 2 (PDR-2) which is available at http://vipers.inaf.it/rel-pdr2.html and presented in Scodeggio et al. (2018) . To analyse the redshift evolution of the colour-magnitude relation, we divide the sample into six redshift bins, with a width of 0.1, from z = 0.5 to z = 1.1 (which corresponds to a look-back time which ranges between approximately 5 and 8 Gyr).
We reconstruct the SFH of individual galaxies using SED fitting carried out with the GOSSIP software (Franzetti et al. 2008) . We start from the ugrizK s photometry, supplemented with the spectroscopic data, in order to reduce the well known degeneracies between age, star formation timescale and dust extinction that afflict SED fitting results derived purely from photometric data (see the discussion in Thomas et al. 2017) . We use a template library based on the PEGASE 2 model (Fioc & Rocca-Volmerange 1997) , assuming a delayed exponential SFH according to the prescription from Gavazzi et al. (2002) :
where t is the cosmic time (with t = 0 corresponding to the Big Bang), t start is the moment at which the galaxy starts to form stars and τ is the characteristic timescale of star formation which identifies the maximum of the SFR. This form is often referred to as a SFH "a la Sandage" as Sandage (1986) was the first to discuss such a SFH. Fig. 1 shows some example SFHs generated using this parametrization to illustrate the influence of the parameters on the SFH. The SFH parameters that we constrain in our SED fitting are the characteristic time-scale, τ, and the age of the galaxy, t − t start (since t is related to redshift, t start can also be deduced). The benefit of using a delayed exponential SFH, as in Eq. 1, is that such a SFH displays an initial increase of the SFR that peaks at t − t start = τ (see Fig. 1 ), so that late-type galaxies which are still actively forming stars can be described as well as passive early-type galaxies: late-type galaxies will tend to be fitted with larger values of τ than early-types. Recall that a small value of τ means that the majority of stars are formed in the early stages of the life of the galaxy, which is usually the case for early-types.
We have chosen to use the PEGASE model because it can compute galaxy SEDs with self-consistent evolution of the metallicity and the internal extinction, driven by the input SFH. The template library used here covers a grid of galaxy ages, t − t start , from 0.1 to 15 Gyr with a step of 0.1 Gyr, and a grid of star formation time-scales, τ, ranging from 0.1 to 25 Gyr, again with a step of 0.1 Gyr. For each galaxy in our sample we estimate an age, t − t start , and a star formation time-scale, τ, based on the value of these two quantities for the best-fitting template, with the constraint that the galaxy age is less than the age of the Universe at the redshift of the galaxy. We have checked the SFRs inferred from our bestfitting SFHs are in general agreement with observationally inferred SFRs (Appendix A).
The delayed exponential SFH model is undoubtedly an over simplification of the actual SFH history in galaxies. Several studies have compared simple empirical SFH models with the output of physical models of galaxy formation (Pforr et al. 2012; Mitchell et al. 2013; Simha et al. 2014 ). Mitchell et al. (2013) showed that simple, declining exponential SFHs, when used to fit the photometry of GALFORM galaxies, could nevertheless give a reasonable estimate of properties such as stellar mass. Simha et al. (2014) com- Figure 1 . Examples of delayed exponential SFHs for different τ, offset by t start from the Big Bang, which corresponds to t = 0. Through SED fitting, which is based on photometric and spectroscopic data (see Franzetti et al. 2007 ), every galaxy is assigned an age, t − t start , and a characteristic time-scale of star-formation, τ, which determine the form of the SFH. We stress that each SFH plotted has a different t start , equivalent to the redshift at which the galaxy starts to form stars. pared a wider range of parametric SFHs to those predicted in a hydrodynamic simulation of galaxy formation. They found that a simple exponential SFH gave systematic errors in galaxy colours. Their "lin-exp" model, which is equivalent to the delayed-exponential used here, performed much better overall, experiencing problems mainly for the very bluest and reddest galaxies.
MODELLING THE EVOLUTION OF THE COLOUR-MAGNITUDE RELATION
The modelling of SFHs discussed in Section 2 provides us with a tool to predict quantitatively the evolution of the colour-magnitude relation as a function of redshift for the galaxies in our sample. The quality of this modelling is tested in Appendix A, in which we compare the SFR predicted by our model with that inferred from the luminosity of the [OII]λ3727 emission line. We follow the recipe of Moustakas et al. (2006) to estimate the SFR from the luminosity of the [OII]λ3727 emission line, using the luminosity of the line and the rest-frame B-band absolute magnitude, as given in Eq. A1. This estimate is completely independent from our SED fitting modelling. In Appendix A we show that the SFR vs U − V colour and the SFR vs redshift relations follow the same trend for the two estimates. This gives us some confidence that the SED modelling is giving a reliable prediction of the SFR at the epoch of the observation.
In this section we describe the different scenarios ( Fig. 2 ) that we test to predict the photometric evolution of galaxies found in a given redshift bin. We then compare this predicted evolution with the observed distribution within different redshift bins, to select which of our SFH scenarios best describes the observed galaxies, and thereby derive constraints on the quenching of star formation activity.
Model description
By considering the observed galaxies within a given redshift bin (which we call the start-redshift), we can obtain an estimate of their properties in a different, subsequent bin (the end-redshift), using the following procedure. First, we assign to each galaxy in the start-redshift sample the SFH parameters (t − t start and τ) that characterise its best-fitting SED template (see Fig. 1 ). We then predict the photometric evolution of the galaxy using its best-fitting SFH for an amount of time corresponding to the difference in look-back time between the start and end-redshifts 1 (see the top panel of Fig. 2 as a reference), and estimate the change in rest-frame absolute magnitude and colour resulting from the template evolution. This allows us to track the evolution of the galaxy in the U − V vs. V colour -magnitude plane 2 .
To test other SFH scenarios we add the possibility that the SFH is truncated or quenched. The quenching is always assumed to be both complete (i.e. the SFR is set equal to zero after the quenching), and instantaneous (limited to the time-resolution of the models). These two assumptions are extreme but allow us to treat the problem in a simple way and to retrieve general trends rather than detailed conclusions. We have experimented with two possible quenching scenarios: the first in which all galaxies are quenched at the same time, immediately after the start-redshift epoch (see the middle panel of Fig. 2 for an example of such a SFH), and the second where the quenching time is drawn uniformly from a limited time interval (bottom panel of Fig. 2 ). We have explored three possibilities, specified by the length of the time interval from which the quenching time is selected: 1, 1.5, and 2.5 Gyr. In all cases, the start of the period over which quenching could occur starts immediately after the start-redshift epoch. The reason for the choice of these three interval times is that they are representative of the range of lookback times of the VIPERS survey redshift bins. By varying the time range over which quenching can take place, we vary the fraction of galaxies that are quenched at a given redshift. Of course, for end-redshifts corresponding to a change in time interval that is greater than the time interval from which the quenching epoch is selected, all galaxies will be quenched. Fig. 3 shows an example of the evolution expected in the colour-magnitude plane when galaxies follow the basic "noquenching SFH" illustrated in the top panel of Fig. 2 . In Fig. 3 we highlight, using thick solid lines, the evolution of SFH tracks in the colour-magnitude plane for a few example galaxies over the whole time interval of 2.5 Gyr (corresponding to the evolution from the median redshift in the 1.0 < z < 1.1 start-redshift bin to the median redshift in the 0.5 < z < 0.6 end-redshift bin). The points in the background of Fig. 3 are the observed galaxies in the startredshift bin (red circles) and their evolved counterparts in the end-redshift bin (green stars).
Example tracks for the no-quenching case
The reddest of the example galaxies (U − V ∼ 1.5, V ∼ −22.6) has already completed its star formation life cycle, and undergoes purely passive evolution, fading in V magnitude and becoming redder still in U − V. The progressively bluer galaxies can be characterised by increasingly more important star formation activity, with the three bluest objects (U − V < 0.6) showing how a combination of different ages and star formation time-scales can result in significantly different evolutionary tracks for galaxies starting with similar properties at the epoch of their observation. If we now consider the population of galaxies instead of individual objects, Figure 2 . Schematic representation of the three SFH scenarios considered. Top panel: smooth delayed exponential SFH (as in Eq. 1), without any truncation or quenching. Middle panel: SFH that is quenched at the redshift at which the galaxy is observed i.e. the subsequent SFR is set to zero. Bottom panel: SFH that is quenched at a randomly selected time within a time interval (shown by the shaded area) after the epoch of observation. The xaxis indicates the age of the galaxy. t 1 , t 2 and t 3 represent the time at which we test the synthetic evolution of the colour magnitude relation (see Section 5). We consider different values for the time interval, ∆t quench over which quenching can take place.
the overall evolution that we see is that of a global move towards redder colours and fainter magnitudes, creating a more defined bimodality between the blue cloud and the red sequence (see the deficit of green stars around U − V ∼ 1.5): galaxies in the redder half of the rest-frame colour distribution at the start-redshift epoch evolve to reach the red sequence at the end-redshift epoch, while galaxies that start in the bluest part of the distribution can remain in part of Figure 3 . Evolution of the colour-magnitude relation starting from the (observed) start-redshift bin 1.0 < z < 1.1 (red empty circles) over a period of 2.5 Gyr, terminating in the end-redshift bin 0.5 < z < 0.6 (green empty stars). The evolution is based on the best-fitting PEGASE models built with a delayed exponential SFH (see the schematic representation in the top panel of Fig. 2 , with the green points being plotted at t 3 , which corresponds to the end-redshift). Thick black lines show the evolutionary tracks of a few "example galaxies" which start at the filled circle and end at the filled star.
the blue cloud, albeit with significantly redder colours. We stress that this behaviour is not obvious when examining only a few example tracks but is something that becomes apparent when considering the population of galaxies. For example, the bluest object in the example tracks becomes brighter as it is evolved from its observed colour and magnitude. Other galaxies near the bright edge, however, are predicted to evolve such that they become fainter and redder. These objects drive the bimodalilty in the evolved colourmagnitude relation. Note that we do not require that the evolved population meets the VIPERS selection, so some evolved galaxies would not be observed in VIPERS.
THE EVOLUTION OF THE COLOUR-MAGNITUDE RELATION IN VIPERS
To test our modelling of galaxy SFHs using the colourmagnitude relation, we need to choose a robust feature we can use to quantitatively track and describe the evolution of the VIPERS galaxies. We decide to define a bright edge in the colour magnitude distribution. Due to the declining cosmic star formation rate density with increasing cosmic time, we expect a general reduction in the luminosity of the brightest galaxies which can be tracked by the bright edge. Of course, both luminosity and colour can change in response to different SFHs, as shown in Fig. 3 . However, since studies like Davidzon et al. (2013) have already focused on galaxy colours, we have decided instead to devote our attention to studying the evolution in galaxy magnitudes within the colour-magnitude plane.
Defining the bright edge of the colourmagnitude relation
To define the bright edge of the colour -magnitude relation in an objective and quantitative way, we partition the plane into a grid of cells 0.10 mag wide along both axes. For a fixed colour bin we count the number of galaxies in each absolute magnitude bin and find the most populated bin.
Moving from this bin in the direction of brighter magnitudes, we define the edge location as the first bin for which the occupancy falls below 15% of that in the most populated bin (see Fig. 4 for an illustration of this process for one colour bin). This process is repeated for each colour bin.
Since the values of the bin size and occupancy threshold are arbitrary, we have checked that our results are not significantly affected by these choices. Specifically, we have tested the robustness of the edge definition against the size of the bins in both the rest-frame colour and absolute magnitude, and against the occupancy threshold with respect to the most populated bin. The typical variation of the bright edge location is approximately 0.15 mag, when the rest-frame colour bin size is varied between 0.06 and 0.22 mag, the absolute magnitude bin is varied between 0.04 and 0.20 mag (these two variations account for the statistical uncertainty), of if the occupancy threshold is varied between 1% and 50% (this accounts for the systematic uncertainty). We therefore consider 0.15 mag as the uncertainty in the location of the bright edge, to be compared with the observed evolution of approximately 1.0 mag (for a U-V colour of 1.25, at the centre of the colour distribution) across the redshift range covered by our data. The relative insensitivity to the choice of the occupancy threshold also ensures that the edge definition is insensitive to the details of the luminosity distribution within the different colour bins (like, for example, the faint-end slope of the luminosity function, which, in turn, depends on galaxy colour).
In Appendix B we carry out a test to check if the number density of galaxies has any effect on the definition of the edge. Specifically, in Fig. A3 we draw the bright edge in the colour-magnitude which comes from the Gonzalez-Perez et al. (2014) model which makes use of the GALFORM semi-analytic code. Sub-sampling the data to the number of VIPERS galaxies in every analogue redshift bin (top panel of Fig. A3 ) does not affect the location of the bright edge in a systematic way.
The evolution of the edge of the colourmagnitude relation
In Fig. 5 the thick solid lines mark the bright edge of the galaxy colour -magnitude relation, calculated as defined in Sect. 4.1. We can see that the bright edge evolves significantly with redshift. Galaxies in the blue cloud (i.e. those with U − V 1.6), display a shift of the bright edge that is only weakly dependent on galaxy rest-frame colour, with a reduction in brightness of 1.4 to 1.7 mag in the V band. The edge evolves less for the red sequence, shifting faintwards by 0.7 mag over the redshift range shown.
Since the rest-frame U − V colour is strongly correlated with the SFR of a galaxy, the fact that the bright edge for blue galaxies is moving approximately as a coherent block seems to indicate that the shift of the bright edge of the colour -magnitude relation is little affected by the amount of star formation taking place within galaxies of different colour. Of course galaxies with U − V 1.6 are already in a quiescent phase and hence display less of a change in colour than star-forming galaxies that are making the transition to the red sequence.
In measuring the bright edge location we are dealing with the bright part of the galaxy luminosity function, so we do not have to worry about completeness effects in the VIPERS sample, for any redshift bin we consider. To show that this is indeed the case, i.e. that the bright edge is not driven by the luminosity cut at faint magnitudes, in Fig. 5 we show, using thick grey lines, the location of the most populated bin in the magnitude distribution and we notice that it does not coincide with the faintest bin, ensuring that the depth of the survey has no effect on the definition of the bright-edge in the different redshift bins.
EVOLUTION OF SYNTHETIC SFH COMPARED TO OBSERVATIONS
Making use of the modelling developed in Section 3, we can synthetically evolve the observed VIPERS galaxies to different cosmic times, and hence see where they would appear in the colour -magnitude plane in different redshift bins. We can then compare this synthetically evolved population with the observed population at the same redshift and repeat this process for different redshift bins. Comparing the level of agreement between the bright edges of the colour -magnitude relations for the synthetic and observed galaxies gives us some insight into simple SFH quenching scenarios. In the next sections, we explore the different SFHs in order from top to bottom from Fig. 2 . We consider first a scenario that does not involve any quenching (Section 5.1) and then two scenarios which impose quenching differently (Section 5.2): in the first the quenching event occurs at the epoch of observation (Section 5.2.1) while in the second the quenching takes place at a time that is randomly selected from selected time intervals after observation (Section 5.2.2). Note that our approach does not attempt to model the whole of the observed population at each end-redshift. We are simply tracking the forward evolution of the VIPERS galaxies observed at 1.0 < z < 1.1, assuming that the evolution is described by the best-fitting SFH to the observed photometry, with various quenching scenarios applied that truncate the star formation (see next sections). We assume that these galaxies preserve their identity from the observation redshift to the end redshift i.e. they do not merge with another galaxy. Also, we consider all of the evolved population of galaxies without requiring that the galaxies meet the VIPERS selection at the end-redshift. We remind the reader that our aim is not to reproduce the whole of the observed VIPERS colour-magnitude relation at redshifts below z ∼ 1, but rather to focus on the evolution of the bright edge and how it compares to the observed one. Comparing the evolved and observed galaxy populations in the colour-magnitude plane is an interesting test which requires more sophisticated modeling. Moreover, such a test would be model-dependent and we feel that this goes beyond the scope of this paper.
The no-quenching scenario
The synthetic evolution of VIPERS galaxies observed at 1.0 < z < 1.1 to lower redshifts is shown without any quenching in Fig. 6 . The evolution is modelled using the best-fitting SFH to the observed photometry (corresponding to the schematic SFH in the top panel of Fig. 2) . The colour -magnitude relation for this evolved set of galaxies is shown by the blue points in each panel of Fig. 6 , along with the associated bright edge (solid blue line). Each panel in Fig. 6 shows the evolved colour -magnitude relation at a different time interval after the observation redshift ( left: t 1 − t obs = 0.8 Gyr, middle: t 2 − t obs = 1.3 Gyr, and right: t 3 − t obs = 2.5 Gyr). The observed VIPERS galaxies at each redshift plotted in Fig. 6 are shown by the red points and their associated bright edge by the solid red line. Except for the reddest colour bins, there is a mismatch in the observed and synthetically-evolved bright edges, with the sense of the discrepancy depending on the colour. In the "green valley" ( 1.2 < U − V < 1.5), the synthetic bright edge is fainter in the V-band than the observed one (by ≈ 0.5 − 0.75 mag). This situation is reversed for blue galaxies (U − V < 1.2) for which the synthetic bright edge is ≈ 0.5 mag brighter than the observed one.
The excess of bright galaxies predicted with the noquenching SFHs seems to point towards the need for a scenario with widespread quenching of star formation activity for bright galaxies. However, no conclusion can be reached about the SFH of fainter galaxies, i.e. those galaxies fainter than the peak of the distribution of luminosities (see Fig. 4 ), as they do not feature in defining the location of the bright edge. Another important property of the quenching suggested by Fig. 6 is that it must take place over a wide range of colours, and hence affect observed galaxies with very different levels of star formation activity. Our stellar population modelling suggests that these galaxies also have a range of stellar masses, implying that stellar mass is not the only factor that governs the SFH of galaxies (see Appendix D).
Exploration of quenching scenarios
Our aim is not to build a complete and physically motivated star formation quenching model, but rather to provide some indicative constraints on the quenching, as derived from the observed evolution of the galaxy properties in our sample. We therefore explore only a small number of simplistic quenching models (corresponding to the SFHs sketched in the lower two panels of Fig. 2) , to help us gain Figure 6 . Colour -magnitude relations for the synthetically evolved population (blue points) in three arrival or end redshifts (corresponding to t 1 , t 2 and t 3 in Fig. 2 ) and of the observed VIPERS data in each end redshift bin (red points). The bright edge location of each sample is drawn using the same bins in colour. The evolution is based on the smooth delayed exponential SFH which characterises the no-quenching scenario illustrated in the top panel of Fig. 2 . Figure 7 . Same as Fig. 6 but with evolution computed using an instantaneously quenched delayed exponential SFH (i.e. SFR set to zero at the redshift at which the galaxy is observed). This SFH scenario corresponds to the schematic representation in the middle panel of Fig. 2. some insight into the quenching time-scales. We stress that the modified SFHs we have built to include quenching all assume that the quenching is complete, i.e. that no residual SFR remains after the quenching, and that the transition takes place almost instantaneously (effectively over a period of less than 100 Myr).
Quenching the SFH at the epoch of observation
The first and simplest quenching model we consider is one in which the best-fitting SFH to each galaxy is quenched immediately after the epoch of observation (i.e. corresponding to the schematic in the middle panel of Fig. 2) , thereby truncating the SFH and setting the subsequent SFR to zero. Fig. 7 shows, using the same format as Fig. 6 , the evolution of the synthetic colour -magnitude relation for this SFH -quenching scenario. We can see clearly from Fig. 7 that instantaneous quenching is too extreme, resulting in the bright edge for synthetic galaxies being fainter than the observed one. This is particularly noticeable for bluer galaxies. Again, as with the no quenching case, the exception is the reddest galaxies, for which the synthetic and observed bright Fig. 2 , with the shaded area representing ∆t quench of 1.5 Gyr. The fraction of galaxies that is quenched, Q frac , at each end-redshift is written in each panel (see Section 5.2 for a discussion of how Q frac is calculated and interpreted).
MNRAS 000, 1-?? (2019) edges coincide. These objects already have a SFR that is almost zero at the epoch of observation, and therefore their SFH, and consequently their photometric properties, are not significantly affected by any quenching we might introduce.
Delayed quenching
To mitigate the excessive evolution of the bright edge found on quenching the SFH of all galaxies at the epoch of observation, we have explored delayed quenching scenarios, in which the quenching takes place at a time that is drawn uniformly between t obs and t obs + ∆t quench (a schematic representation of this scenario is shown in the bottom panel of Fig. 2) . Another possibility would be to associate a quenching time delay with a specific galaxy property, but that would require us to know which property might regulate the quenching. Given that the redshift interval covered by our sample corresponds to a cosmic time interval of 2.5 Gyr, we have explored three values for the maximum delay time: 1, 1.5, and 2.5 Gyr, as shown in the top, middle and bottom rows of Fig. 8 . While the scenario with a maximum delay time of 1 Gyr produces a bright edge evolution which is quite similar to that found with instantaneous quenching, the two scenarios with maximum delay times of 1.5 or 2.5 Gyr produce a bright edge which is in better agreement with the observed one.
In each delayed quenching scenario explored we are testing the evolution at three end-redshifts which correspond to the cosmic times t 1 , t 2 and t 3 in the bottom panel of Fig. 2 . For each of these times the fraction of quenched galaxies (Q frac in Fig. 8 ) changes according to the scenario explored, with the exception of t 3 where we always have 100% of the galaxy population quenched. We stress that Q frac is an indirect consequence of the simple empirical quenching model that is useful to quote as it demonstrates one of the limitations of the model. As galaxies quench following a uniform distribution of times limited by ∆t quench , Q frac is simply defined by Q frac = ∆t/∆t quench which gives the probability that a galaxy has already experienced the quenching. We note that a Q frac value of 100% at a given redshift implies that there are no star-forming galaxies at lower redshifts, which disagrees with observations. For the quenching event spread over ∆t quench = 1 Gyr (top panel) we have 80% of galaxies quenched at t 1 and 100% at the other times. For ∆t quench = 1.5 Gyr, instead, we have 53% of quenched galaxies at t 1 and 87% at t 2 . Finally, for ∆t quench = 2.5 Gyr, we have 32% quenched at t 1 and 52% at t 2 . If we focus exclusively on the bright edge location, and we define a good model as one that gives a good match between the observed and synthetic bright edges, then a scenario with t quench = 2.5 Gyr is the best among the three explored. This is particularly true if we focus our analysis only on t 3 (the right panels in Fig. 8) , so that for each scenario (each row in Fig. 8) we are comparing a 100% quenched sample. This suggests 2.5/2 = 1.25 Gyr as an estimate of the average quenching time-scale for our sample of galaxies. 
CONTRASTING THE COLOUR-MAGNITUDE EVOLUTION WITH GALAXY FORMATION MODELS
The stellar population synthesis models and simple delayed exponential SFH -quenching scenarios discussed in the preceding sections serve the purpose of developing some insight into galaxy evolution from the behaviour of the bright edge in the colour -magnitude relation. Several studies of quenching have been performed using both semi-analytical (e.g. Hirschmann et al. 2014; Henriques et al. 2017 ) and hydrodynamical (e.g. Bluck et al. 2016; Wright et al. 2019 ) models of galaxy formation. In this section we compare the VIPERS observations against the predictions of the semi-analytical galaxy formation model GALFORM (Cole et al. 2000; Lacey et al. 2016) . GALFORM models a wide range of physical processes that govern the fate of the baryonic component in the universe, in the context of the hierarchical growth of the dark matter (for reviews see Baugh 2006 and Benson 2010) . Of particular relevance to the quenching of star formation in galaxies is the radiative cooling of gas from hot halos. The cooling flow can be staunched by the luminosity of an active galactic nucleus (Bower et al. 2006) . In simple terms this occurs when the cooling time of the hot halo gas exceeds the free-fall time and the cooling luminosity is balanced by the energy released by material falling onto the supermassive black hole at the centre of the galaxy. Star formation in a galaxy for which there is no cooling flow would be truncated once the existing cold star-forming gas is consumed and if it is not replenish by cold gas brought in by a merger. The aim here is to compare the colour -magnitude relation predicted by a standard version of GALFORM with the VIPERS observations. Exploiting the speed and modularity of semi-analytical models, we also examine a variant of the fiducial model in which we turn off AGN feedback to see the impact on the model predictions.
The GALFORM model that we consider here is the version introduced by Gonzalez-Perez et al. (2014), hereafter GP14. This model is implemented in a version of the Millennium N-body simulation that adopts a cosmology consistent with the 7 year WMAP results (Guo et al. 2011 ). The GP14 model assumes a standard solar neighbourhood stellar initial mass function (IMF) (Kroupa 1998 ) for quiescent and burst star formation, which is the main feature which distinguishes it from the dual IMF models of Lacey et al. (2016) and Baugh et al. (2019) . The parameters of the GP14 model have been calibrated to reproduce a range of observations, including the z = 0 galaxy luminosity function in the b J and K bands. The luminosity function predicted by GALFORM has been compared with observations in the optical to z ∼ 0.3 by McNaught-Roberts et al. (2014) for red and blue galaxies and for different environments, using the Galaxy And Mass Assembly (GAMA) survey. These authors found that the model predictions agreed reasonably well with the observations for bright galaxies, with the biggest discrepancy being the over prediction of faint-red galaxies, which can be traced to the treatment of gas cooling in satellite galaxies (see the discussion in Font et al. 2008) 3 . The N-body simulation is a cube of volume (500 Mpc/h) 3 which we note in passing is substantially bigger than the effective volume of VIPERS, which is equivalent to a box of volume (368 Mpc/h) 3 .
We consider the GP14 model at simulation outputs that are close to the centres of the VIPERS redshift bins. We apply the VIPERS apparent magnitude cut of i AB 22.5.
Using GALFORM snapshots at precise redshifts rather than VIPERS redshift ranges results in a sharp well-located cut in the GALFORM colour-magnitude plane at faint magnitudes. However, since the focus of the test is on the bright-edge, this does not introduce additional uncertainties. The majority of the model galaxies selected in this way are central galaxies in intermediate to massive halos, accounting for at least 75% of the total at all redshifts.
The primary quenching mechanism for such galaxies is AGN feedback (in particular the hot halo -radio mode AGN feedback), which shuts down gas cooling in halos above a mass that is determined by the parameters describing the AGN feedback (see Lacey et al. 2016) . This motivates our choice to explore a variant model in which this quenching is turned off, by switching off AGN feedback (by setting heat = 0; see section 3.5.3 in Lacey et al. 2016) . Note that this is not a viable model as it produces too many bright galaxies. Nevertheless it is illustrative to see the impact on the colour -magnitude relation of turning off this quenching mechanism.
Note that AGN feedback is not the only star formation quenching mechanism in GALFORM. Satellite galaxies have their star formation quenched by stripping of their hot gas halo after they are accreted into a more massive dark matter halo. This stops any further gas cooling onto the satellite, which leads to less star formation than may have been the case if the galaxy had remained a central galaxy. However, the effect of this process on the colour -magnitude diagram is negligible as central galaxies dominate the GALFORM sample for the VIPERS selection. Also, the quenching due to AGN feedback in GALFORM is not as dramatic as that in the simple model considered in earlier sections of this paper as GALFORM galaxies do not stop their star formation instantaneously but in a gradual way as the molecular gas reservoir is exhausted. Bright galaxies in the GALFORM model, which have had their quiescent star formation quenched by the suppression of gas cooling by AGN feedback, can still display episodes of star formation activity through bursts involving the cold gas brought in by merging galaxies.
The evolution of the colour -magnitude relation in the observations and models is compared in Fig. 9 . The VIPERS observations in different redshift bins are collected in the upper panel to give a different view of the evolution of the bright edge from that shown in Fig. 5 . The middle panel shows the predictions of the GP14 model and the lower panel the variant of GP14 with no AGN feedback. The rest frame magnitudes and colours used in the GALFORM predictions have been chosen to match the transmission curves of the filters used in VIPERS and include attenuation by dust (see Gonzalez-Perez et al. 2013 and Lacey et al. 2016 for a description of the implementation of attenuation by dust in GALFORM). To make the GALFORM colour-magnitude plot more visually comparable to those from VIPERS we randomly subsample the model galaxies to account for the difference in volume between the GALFORM simulation and VIPERS.
The top panel of Fig. 9 shows the steady evolution of the bright edge to fainter luminosities with increasing redshift in the VIPERS observations. This evolution is strongest in blue U − V colour bins, with the bright edge becoming approximately 1.5 mag fainter from z ∼ 1 to z ∼ 0.5, and weakest for red colour bins, with the edge being around 0.75 mag fainter over the same redshift interval.
The middle panel of Fig. 9 shows the colour -magnitude relation for the fiducial GP14 GALFORM model. The first thing we notice on comparing with the VIPERS data is the overall shift in the locus of the model points to brighter magnitudes, reflecting the difference between the GALFORM and VIPERS luminosity functions. Fritz et al. (2014) measured the evolution of the luminosity function using VIPERS and find a sharp break at the bright end, across the redshift range considered here. Our comparison of the Fritz et al. (2014) , results with the GALFORM predictions shows GALFORM produces a weaker break, and hence more bright galaxies than estimated from VIPERS, with a dip in the model luminosity function relative to that from VIPERS around L * .
Focusing on the relative change in the bright edge in the GALFORM predictions rather than its absolute position, Fig. 9 shows that the model bright edge also moves faintwards with increasing redshift, preserving the ordering of the bright edge with redshift more clearly than the data. The shift in the position of the bright edge for the bluest colour bins is about 0.5 mag larger than for VIPERS. The shift of the edge for the reddest bin is just over 1 mag, approaching twice the shift for VIPERS.
Finally the lower panel of Fig. 9 shows the predictions of the variant of GP14 with AGN feedback switched off. The locus of model galaxies is shifted to brighter magnitudes, even compared to the fiducial GP14 model shown in the middle panel. This reflects the additional gas cooling in intermediate and massive halos compared to the fiducial model with AGN feedback switched on. This emphasises that this variant is not a viable model as it produces too many bright galaxies. The ordering of the bright edges with redshift is also lost, with the bright edges for several redshifts overlapping for the blue cloud.
Another notable feature of the GALFORM predictions in Fig. 9 is the strong bimodality in colour, as pointed out by Bower et al. (2006) and González et al. (2009) . This is also apparent in Fig. 6 , when we use smooth delayed exponential SFHs without quenching.
In addition, we note that in the VIPERS data the bright edge is vertical for red colours, and becomes increasingly diagonal moving to bluer colours. The edge shifts as a coherent block back to lower luminosities with time. The fiducial GAL-FORM model does not reproduce this behaviour. The bright edge is vertical for the blue sequence, and diagonal for the red sequence. In the VIPERS data, the bright edge traces the blue edge of a diagonal blue sequence, while in the GAL-FORM output, it traces the bright-edge of a horizontal blue sequence.
Whilst there are qualitative differences between the colour-magnitude relations of VIPERS and the GALFORM model (e.g. shift to brighter magnitudes, the shape of the bright edge and stronger colour bimodality in GALFORM than in VIPERS, at approximately U−V ∼ 1 and U−V ∼ 1.75), the ordering of the bright edges with redshift and the breaking of this ordering in the variant model without AGN feedback indicate that AGN feedback plays an important role in quenching star formation activity in the models.
DISCUSSION
The very notion of quenching star formation in galaxies is somewhat dependent on the galaxy evolution paradigm adopted to interpret observations or build models, as discussed extensively by Abramson et al. (2016) . It is possible that the need for quenching is merely the result of incorrectly assuming that star formation is a simple process. However, as this simplifying assumption is often the first step in any attempt to model galaxy evolution, it is worthwhile to try and characterise any quenching that may take place.
The need for quenching remains controversial. Ciesla et al. (2016) advocated for the quenching of star formation on the basis of SED analysis of the Herschel Reference Survey galaxy sample (Boselli et al. 2010) , applying delayed exponential SFHs, similar to those used here, and adding a sharp quenching to the SFR 4 . On the other hand Pozzetti et al. (2010) claimed that the colour evolution in the zCOSMOS sample could only be reproduced by including extended SFHs or secondary bursts of star formation in the SED modeling, rather than by a reduction or suppression in the level of star formation activity. One reason for this disagreement might be the SFH modelling adopted by Pozzetti et al. (2010) , which differs in two key ways from that adopted here, namely that all galaxies follow exponentially declining SFHs 5 , and that no evolution of the dust content takes place inside galaxies as their star formation evolves. Some studies (see for example the discussions in Citro et al. 2016; Tomczak et al. 2016; Abramson et al. 2016 ) claim that the use of purely exponentially decreasing SFHs is not ideal for studying the evolution of galaxy properties as this does not allow for an initial increase of the SFR. The exponentially declining SFH results in reddening of galaxy colours by construction, without the flexibility to describe the population of star-forming galaxies which are still moving towards bluer colours and brighter magnitudes.
Much recent work on quenching has focused on a global description of the galaxy population, often using the stellar mass function, as in Bundy et al. (2006) and Peng et al. (2010) , or measuring the transition of galaxies across the green valley, as in Schawinski et al. (2014) and Lian et al. (2016) (see also Wright et al. 2019 for a measurement of a quenching time based on the green valley and other techniques relying on the time at which galaxies leave the main sequence of star formation, for a hydrodynamical simulation of galaxy formation). Here instead we study how different SFHs both with and without a truncation of the starformation activity can affect the bright edge of the colourmagnitude plane, over a substantial lookback time, corresponding to the redshift range 0.5 z 1.1.
We use two approaches to interpret the evolution of the bright edge in the VIPERS colour -magnitude relation. The first is a simple empirical model in which the evolution of VIPERS galaxies is predicted using a smooth SFH that is quenched at or after the epoch of observation. The SFH is a delayed exponential that is the best-fitting description of the galaxy's photometric properties (rest frame U − V colour and rest frame V-band absolute magnitude). The second approach is a physically motivated semi-analytical model of galaxy formation, which predicts the evolution of the colour -magnitude relation directly.
The SFHs predicted by physical galaxy formation model appear to be much more complicated than the smooth delayed exponentials adopted in the empirical model (see the examples from GALFORM plotted in Baugh 2006) . Simha et al. (2014) compared a range of parametric SFHs to those predicted in a hydrodynamic simulation of galaxy formation. Their "lin-exp" model, which is equivalent to the delayedexponential used here, performed much better overall, experiencing problems mainly for the very bluest and reddest galaxies. Without a truncation of the SFH, lin-exp models result in higher values of SFR at early times and lower values of SFR at late times (as any truncated SFH would be interpreted as a smooth SFH with a very small τ 6 ). The use of contrasting approaches to model the evolution of the colour -magnitude relation lends robustness to any consistent conclusions reached about the importance and nature of quenching.
Our simple empirical analysis of the evolution of the bright edge of the colour -magnitude relation suggests that quenching must be a widespread phenomenon, taking place over the full range of redshift (0.5 < z < 1.1) and stellar mass (approximately 9.0 log(M/M ) 11.0) probed by VIPERS. The range of stellar masses that is quenched is an interesting result. Following the identification by Kauffmann et al. (2003) of a threshold stellar mass (∼ 3×10 10 M ) above which local galaxies are dominated by passive earlytypes, the concept of a transition mass above which galaxies are quenched has become popular (see for example Bundy et al. 2006; Davidzon et al. 2013 ). However, our results imply instead that quenching takes place over a wider range of stellar masses than what proposed by Kauffmann et al. (2003) . (See Appendix D for the justification of the range of stellar masses involved.) Other studies such as Schreiber et al. (2015) study the evolution of the main sequence of star formation with redshift, and their results are consistent with quenching over a wide range of stellar masses.
The detection of the widespread quenching presented in Section 5.1 is a robust result of this work, since the SFH modelling it is based upon reproduces quite well the main characteristics of star formation activity in the VIPERS galaxy sample, including the instantaneous measurement of SFRs at all redshifts and colours (see Appendix A). The characterisation of the quenching time-scale that we discuss in Section 5.2 is instead based on a simple toy model, with the main purpose of demonstrating that a viable quenching history capable of describing the observations does indeed exist.
Finally, as a consequence of using a simplified SFH model, we do not attempt to identify a single galaxy property to replace stellar mass as the clearest driver of quenching and overall galaxy evolution. We note, however, that Haines et al. (2017) discuss at length the possibility that this property could be the mean stellar mass density, i.e. the amount of galaxy stellar mass located within the galaxy central kiloparsec. Of course our reliance on the evolution of the bright edge of the colour-magnitude relation to characterize quenching prevents us from drawing reliable conclusions about the possible quenching of galaxies that, at any epoch, are significantly fainter than the bright edge (i.e. fainter than the magnitude at which the number of galaxies in a given colour bin peaks). Still, the very simplistic assumption we make that only the galaxies whose evolution we are able to constrain (i.e. those that are close to the bright edge in terms of magnitudes) are actually undergoing quenching over a limited time-span after observation matches the results of Lian et al. (2016) , who estimate that only approximately one quarter of the galaxies in their sample start the quenching transition every gigayear. Lian et al. (2016) quench their SFHs in a somewhat less dramatic way than we do. These authors use what they call a "two-phase exponentially declining SFH", with one exponential describing the secular star-forming stage and the other describing a rapid quenching stage (see Fig. 1 in Lian et al. (2016) ). Although the quenching is introduced as an exponential decline, their approach is not very different from ours as they estimate a quenching e-folding time of 500 Myr while our truncation is limited in time by the resolution of our models which is 100 Myr. With these assumptions, Lian et al. (2016) study the drop in the number density of the NUV−u vs u − i colour-colour diagram, finding a time to migrate from the star-forming to the passive population of 1.5 Gyr (Fig. 2 of Lian et al. 2016 shows how these two populations are defined in the NUV−u vs u − i colour-colour diagram).
An indication of a physical processes that could explain the quenching of galaxy star formation rates since the peak epoch of global star formation was offered by the comparison of the predictions of the GALFORM semi-analytical model of galaxy formation with the VIPERS colour -magnitude relation. The qualitatively similar evolution of the bright edges in GALFORM and the observations, and the break down of this evolution when AGN heating of cooling gas is turned-off by hand, reveals that AGN feedback heating is quenching the SFR by turning off the fuel supply for star formation. The bright edge evolves too much in GALFORM, which might point to the need to revise the treatment of the reincorporation of gas heated by supernovae, as argued by Mitchell et al. (2016) in their study of the evolution of the stellar masshalo mass relation.
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APPENDIX A: SFR FROM SED AND [OII] EMISSION
Here we perform a "sanity check" to test if the SFR deduced from the SED fitting to the U − V colour tracks the SFR inferred independently from an emission line. This test has the limitation of testing the instantaneous SFR and does not probe the full SFH of galaxies. However, the importance of this test is the fact that we are estimating the same quantity from completely independent properties, i.e. the SED fitting is based on the spectrum sampled using broad filters which is completely independent from the intensity of an emission line.
We first compare the SFR inferred for the starforming galaxies in the observed sample, estimated using the [OII]λ3727 emission line luminosity, with that estimated from the properties of the best-fitting SED template. The prescription to obtain SFR estimates from the [OII] luminosity comes from Moustakas et al. (2006) . Specifically, from Table 2 of Moustakas et al. (2006) we made a linear fit to the coefficients M B and P 50 (neglecting the two faintest magni- Figure A2 . The distribution of SFR as a function of rest-frame colour for galaxies in the redshift ranges 0.9 < z < 1.0 (top panels) and 0.6 < z < 0.7 (bottom panels), as estimated from the OII line luminsity and inferred from SED fitting, as labelled. On the right hand side, the ratio between the two estimates of SFR is plotted on the x-axis for bins of colour plotted on the y-axis. The points show the median values and error-bars are obtained from the median absolute deviation (MAD) of the relative distribution.
tudes which are outliers), resulting in the following relation between [OII] luminosity and SFR: 
where M B is the rest-frame absolute magnitude in the Bband and L[OI I] is the luminosity of the OII line. In Fig. A1 , we show the distribution of SFRs derived from the [OII] line luminosity (orange line) compared to the distribution of SFRs derived from the SED fitting (green line). There are several physical reasons why we do not expect these estimates to be exactly the same. One is dust extinction. The [OII] line may suffer from additional dust extinction compared to that experienced by the stellar continuum that is modelled in the SED fitting. Another reason may come from the different star formation time-scales sampled in the two approaches. Kennicutt (1998) this reason, the [OII] line is more likely to sample galaxies which are experiencing a starburst rather than being consistent with a smooth SFH as is the case with the templates used in the SED fitting.
A more accurate test is to check if the SFR inferred from the SED fitting displays the same qualitative behaviour as the SFR estimated from the [OII] emission line. With this aim, we split the sample by U − V colour and redshift. In Fig. A2 , the median SFR is plotted for the same colour bins used in defining the bright edge of the colour -magnitude relation. The top and bottom panels in the figure show the same analysis in two redshift bins. The right-hand-side panels show the median ratio between the two estimates. The error bars indicate the Median Absolute Deviation (MAD) dispersion around the median values. We use the MAD to estimate the dispersion in the SFR values and ratios distribution because of its robustness against the presence of outliers in the distribution and insensitivity to the particular choice of parameters. What ensures the quality of the SFR estimates from the SED fitting is the fact that, although different from the [OII] SFR estimates, they follow the same trend both in colour (different points of the y-axis) and redshift (top and bottom panels). This can be seen from the fact that the distribution of the ratios is constant within the errors (right-hand-side panels). The value of the mean ratio changes somewhat between the two redshifts considered and this could be due, for example, to an underlying change in metallicity of the gas involved in the star formation. However, this does not affect our results as what is important is that within every redshift bin the distribution of the ratios is constant within the errors as can be seen from the righthand panels. In particular the relation between redshift and SFR shown in Fig. A2 assures us that the overall decrease in star formation rate density as a function of cosmic time that took place over the redshift interval 0 < z < 2 is well reproduced.
Considering that our sample includes galaxies spanning more than two decades in stellar mass and two decades in star formation activity strength (with a strong dependence on redshift), we argue that our stellar population synthesis effort provides consistent estimates of the "visible" SFR within the VIPERS sample (i.e. the star formation measurable using optical emission lines or broadband colours).
Although this test does not provide evidence about the future evolution of the SFR, the consistency in reproducing qualitatively the SFR-colour and SFR-redshift fundamental relations give us an indication that the SED fitting is based on stellar population synthesis templates which provides a realistic starting point in our evolutionary exercise.
APPENDIX B: ROBUSTNESS OF THE BRIGHT EDGE TO THE NUMBER OF GALAXIES
One potential worry is that the location of the bright edge as defined in Sect. 4.1 is affected by one of the survey properties, such as the number density of galaxies in the colour -magnitude diagram. In Section 6 we have used a sub-sampled version of the original GP14 GALFORM output in order to match the number of VIPERS galaxies in every redshift bin. We now want to compare this sub-sampled set of model galaxies to the original sample to see if this affects the location of the bright edge. In Fig. A3 we plot the colour -magnitude relation and the associated bright-edge for 4 representative snapshots. In the top panel, we show the sub-sampled version, which is the one presented in the middle panel of Fig. 9 . In the bottom panel instead we use all the data available from the GP14 simulation. Albeit with less scatter, the location of the bright edge is consistent to the one in the top panel within the errors. As in Fig. 5 we also draw the location of the most populated magnitude bin, to show that is not coincident with the faint magnitude cut, hence the survey depth does not affect the location of the bright edge.
We have done an additional check to prove that the change in cosmic volume sampled by VIPERS at different redshifts is not the factor responsible for the progressive disappearance of the rare bright galaxies from the sample, and hence to prove that the bright edge evolution is not a volume sampling effect. The volume sampled in the highest redshift bin is in fact approximately ten times bigger than the lowest redshift bin.
To test for this possibility we have focused on the sample in the highest redshift bin, and computed how many of the galaxies in this sample would still be observed at a lower redshift, under the assumption of no evolution in the galaxy properties but just taking into account the ratio of the volumes sampled in the two different redshift bins. The result of this computation shows that the high redshift edge would still be visible down to z 0.5, if only volume effects were to dominate the VIPERS sample composition. This test therefore demonstrates that the observed bright edge evolution with redshift is real, and must be due to the evolving properties of the galaxies in the sample.
APPENDIX C: COMPARISON WITH ZCOSMOS
One further test of our analysis consists of verifying whether the same evolution of the colour-magnitude bright edge is observed in other redshift surveys. We have taken the available data from the zCOSMOS bright sample (Lilly et al. 2009 ), divided the sample into the same redshift bins used for the VIPERS sample, and computed the zCOS-MOS bright edge location using the same procedure described in Sect. 4.1. Note that zCOSMOS has the same depth of VIPERS, i.e. it has been cut at magnitude 22.5 in the observed i-band. The difference with VIPERS is that zCOSMOS is a purely magnitude limited sample whereas VIPERS has a colour-colour pre-selection to isolate galaxies with z 0.5 (see Fig. 3 of Guzzo et al. (2014) for details). As can be seen in Fig. C1 (where we plot only two redshift bins for simplicity), the VIPERS and zCOSMOS bright edge locations coincide almost perfectly, albeit the zCOSMOS one is somewhat noisier because of the smaller number of objects in that sample, since the area covered by zCOSMOS is significantly smaller than the one covered by VIPERS. Although only two redshift bins are shown, the agreement is of the same quality for all of the redshift bins used in our VIPERS study. Figure C1 . Comparison of the colour-magnitude bright edges between zCOSMOS and VIPERS data. The coloured points and edges come from the zCOSMOS catalogue while the black edges are relative to the VIPERS data in the same redshift bins (as plotted in Fig. 5 ). Only two redshift bins are shown here, but the matching between the two samples is of similar quality for all bins.
APPENDIX D: STELLAR MASSES
The aim of this section is to show how the bright edge of the colour -magnitude relation is made up of galaxies that span a wide range of stellar masses. This property points toward a scenario where quenching is acting on galaxies which are bright in the V-band but which have different stellar masses. To show this, we plot in Fig. D1 the relation between the rest frame V-band magnitude and stellar mass. We use colours to differentiate between galaxies with different U − V optical colours. We observe that a bright (e.g. V < −22), red galaxy (U − V = 2) and a bright blue galaxy (U − V = 0.5) not only have different V-band absolute magnitudes, but also different stellar masses. We can also look at the distribution of U − V optical colours in Fig. D2 . In this plot we split the analysis into different stellar mass (different line colours) and redshift bins (different line style). We notice that higher values of stellar mass dominate at redder U − V colours while lower stellar masses dominate at bluer colours. This holds true both in our low redshift bin (0.5 < z < 0.6, solid line histogram) and in our high redshift bin (0.9 < z < 1.1, dashed line). Moving from high to low redshift we see an evolution in the U −V colour, with galaxies becoming systematically redder but the order of the stellar mass bins is preserved in colour, with lower stellar masses always being bluer than higher stellar masses. We can state that, in our highest redshift bin, galaxies are more massive and bluer. In fact at 0.9 < z < 1.1 we do not find any galaxy in our sample with log M < 9.0. Combining the information from Figs. D1 and D2, we can conclude that, over the redshift range (0.5 < z < 1.1), galaxies that are bright in the V-band, which are those that define the bright edge, have a wide range of stellar masses (independently of the colour evolution). Since galaxies approaching the bright edge are those which stop becoming bluer and brighter, and start getting fainter and redder, we argue that the turn over is due to quenching and that this mechanism affect a variety of stellar masses. Although in Section 6 we use AGN feedback as a mechanism to suppress star formation, this choice was motivated by the physics used in Gonzalez-Perez et al. (2014) . However, we are not inferring from this that AGN feedback acts over a wide range of stellar masses. Instead, this is evidence that AGN feedback is not the only mechanism of suppression needed to reproduce observation in the range 0.5 < z < 1.1. Figure D1 . Relation between the rest frame V magnitude and stellar masses, colour coded by the U − V colour. Figure D2 . Histogram of the U − V colour distribution split in 4 mass bins indicated by the colour of the lines, and 2 redshift bin indicated by the shape of the line.
